THE ACTIVATION OF UREASE by Hofstee, B. H. J.
THE  ACTIVATION OF  UREASE* 
B~ B.  H.  J.  HOFSTEE$ 
(From tke Department of Chemistry, Stanford University, California) 
(Received for publication,  September  16, 1948) 
In the course of some heat denaturation experiments on crystalline urease it 
was noted that certain solutions showed an increase in activity upon moderate 
heating.  This increase upon heating  (5 minutes at 60°C.)  was shown to be 
reversible, since upon prolonged cooling the activity decreased and again could 
be increased by subsequent heating. 
Under certain circumstances the phenomenon was found to hold true for 
crude water extracts of jack bean meal.  Furthermore, it was noted that certain 
solutions of urease showed an increase in activity on standing at room tempera- 
ture or even on standing in the cold at 2-5°C: 
Previous  mention  of  this  phenomenon  is  scarce,  although  Sumner  and 
Dounce (1) report a moderate increase in urease activity in a solution containing 
boiled trypsin on standing at room temperature. 
In this paper an  attempt has been made to explain  this  phenomenon or, 
at least, to determine some of the hitherto unrecognized factors which influence 
the  activity of urease  solutions. 
EXPERIMENTAL 
Assay.--Unless otherwise  indicated,  the activity of the urease  solutions  was de- 
termined in 0.1 ml. portions at 20°C. (10 minutes' temperature equilibration)  by adding 
I ml. of a 3 per cent urea solution in 0.67 •  phosphate buffer of pH 7.0 (H2S-treated) 
and stopping the reaction after 5 minutes with 1 ml. ~¢ HC1.  In 1 ml. of the reaction 
mixture  the ammonia  was determined,  according to the method of Conway (2), by 
diffusion into  1 ml. 0.1  s  H2SO4.  The titration was performed  with a  semimicro 
titration setup and electromagnetic stirring.  Blank determinations  were carried out 
in the same way, except that hydrochloric acid was added before the enzyme.  Such 
values were negligibly small. 
For the determination  of the influence of heat on the activity, 0.1 ml. of the urease 
solution was measured into a small test tube and heated in a water bath at the desired 
temperature for a definite length  of time.  Mter this the tube was placed with the 
controls in a bath at 20  °.  After 10 minutes' temperature equilibration  the activity 
measurement  was carried out as described above.  During the heating and the tem- 
perature equilibration the tubes were tightly dosed. 
In experiments on the influence of freezing, the tubes containing the frozen solution 
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were thawed for 5 minutes  at 20°C., after which the activity was measured as de- 
scribed, with  or without heating. 
Experiments with Twice Recrystallized Urease.--CrystaUine urease  was pre- 
pared by the method of Sumner (3)  and twice recrystallized according to the 
method of Dounce (4).  An increase in activity was first observed when a solu- 
tion  of this  crystalline  material  dissolved  in  distilled  water  was moderately 
heated.  Solutions of the enzyme in phosphate buffer behaved the same way. 
This increase amounted to as much as 60 per cent when the solution was heated 
for 5  minutes  at 60°C. 
Activity determinations in such solutions, however, are apt to be inconsistent 
unless  rigorous precautions are taken  to prevent  contamination  with minute 
TABLE I 
Relative  activity of urease in 0.02 •  phosphate  buffer at pH 7, showing the influence of 
I~S on the change in activity by heating 5 minutes at 60°C. in the presence of 2 per cent gum 
arabic. 
Gum arabic only  Gum arabic plus H~S 
Not heated  Heated 
30.0 
32.0 
31.9 
32.4 
Average .... 31.6 
17.0" 
26.8 
23.8 
13.8 
20.3 
Not heated  Heated 
33.4  47.3 
33.9  47.5 
34.5  47.3 
35.1  47.3 
34.2  47.4 
* No explanation can be given for the irregularity  in these determinations. 
amounts of metals (5), some of which not only block active sulfhydryl groups, 
but  also  catalyze  their  oxidation  by  atmospheric  oxygen  (6).  To  prevent 
inactivation of this type Sumner  has used as a  protecting agent a  2 per cent 
solution of gum arabic.  In our experience,  however,  solutions in which gum 
arabic was present did not show an increase in activity on heating; on the con- 
trary, a decrease in activity usually was found on heating for 5 minutes at 60°C. 
(Table I).  Two samples of gum arabic of different origin were tested.  It was 
found, however, that an increase in activity upon heating did occur even when 
gum arabic was present, if during the heating H2S was also present  (Table I). 
A similar effect was observed when a ferric salt was added to urease solutions. 
A solution of urease in 0.02 ~  phosphate buffer of pH 7, to which ferric chloride 
had been added in a  concentration of 0.001 •  showed only a  slight  increase in 
activity upon heating, whereas in the same solution a considerable increase was 
observed  if during  the heating  H2S was present.  The presence  of H2S  in  a 
solution containing ferric ion had no influence on the activity at 20°C. without B. H.  J.  HOFSTEE  341 
previous heating  (Table II).  Since in the samples of gum arabic used traces 
of iron could be detected, it appears possible that the iron or other metals which 
may be present are responsible for the negative effect, although this does not 
TABLE II 
Relative  activity of urease in 0.02 u  phosphate  buffer at pH 7, showing the influence of 
H2S on the change in activity by heating 5 minutes at 60°C. in the presence of 0.001 M  Fe. 
Not heated 
38.6 
40.5 
40.6 
39.7 
Average ....  39.9 
Fe only 
Heated 
42.5 
41.7 
44.6 
42.9 
Fe plus H2S 
Not heated 
40.3 
38.4 
40.0 
40.7 
39.9 
Heated 
45.9 
49.4 
47.3 
49.6 
48.0 
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Fxc. 1.  Activity of twice recrystallized urease in 2 per cent serum albumin, expressed 
in milligrams of ammonia nitrogen formed by 1 rag. of enzyme in 5 minutes at 20°C. 
at pH 7.0.  Solution kept at  2-5°C.  Curve A, heated  5 minutes  at 60°C. before 
assay.  Curve B, not heated. 
explain  why gum  arabic  alone  caused  a  decrease  in  activity  upon  heating. 
For these reasons gum arabic, as a protecting agent, was abandoned in subse- 
quent experiments and a  2 per cent solution of crystalline serum albumin was 
used instead. 
Solutions of urease protected in this way showed an increase in activity on 
heating for 5 minutes at 60°C., even in the absence of H2S.  The most remark- 
able result of the use of serum albumin was, however, that regardless of changes 342  ACTIVATION  O:F  IYREASE 
in the apparent activity of urease solutions on storage in the cold, a constant 
"potential" activity was found over a  period of more than 30 days, provided 
that the enzyme was heated for 5 minutes at 60°C. before assay.  This experi- 
ment,  illustrated in  Fig.  1,  was carried out as follows.  Twice recrystallized 
urease  (approximately 7.5  rag.)  obtained from 100  gin.  jack beau meal, was 
dissolved in 1 ml. water.  Immediately thereafter 0.1 ml. of this solution was 
diluted with 1 ml. of a solution of 2 per cent bovine serum albumin (Armour). 
This was kept as a stock solution (pH approximately 6).  At various intervals 
0.1 ml. of the stock solution was diluted once more with 1 ml. 2 per cent serum 
albumin.  One-tenth ml. of this diluted solution was measured into each of 8 
tubes, 4 of which were heated for 5 minutes at 60°C. and placed with the un- 
heated tubes in a 20°C. bath.  After 10 minutes' temperature equilibration the 
activities were determined.  Points on curve B in Fig. 1 represent the activity 
of the  unheated  solution  and  points on curve A  the  activity of  the  heated 
samples, each point being an average of at  least 3  or 4 determinations which 
checked within 5 per cent. 
The experiment indicated  that the activity of the stock solution decreases 
at first and reaches a constant level after several days standing.  The activity 
of the heated samples on the other hand was approximately the same through- 
out this period. 
Activity  determinations  carried  out  on  the  diluted  stock  solution  after 
standing in the cold room, showed an increase in activity.  For example when 
the diluted solution made on the 23rd day was preserved in the cold room and 
assayed 4 days later, the following results were noted: 
Activity 
23rd day-- 86 units 
27th day--ll0 units 
Likewise for the dilution made on the 30th day an increase in activity was in 
evidence 6 days later, while the activity of the stock solution diluted on the 49th 
day was approximately the same as on the 23rd day.  Fig. 2 represents a similar 
experiment with the same preparation of urease crystals as in Fig.  1.  All the 
dilutions were made in the same way, except, that a solution of 2 per cent serum 
albumin  in  0.02  M phosphate  buffer was  used  instead  of serum albumin in 
water.  Curves A  and B  again represent the activity of the heated and un- 
heated samples as in Fig. 1 and need no further explanation.  On the 9th day, 
however, the dilution of the stock solution was accidentally left at room temper- 
ature approximately 1 hour longer than usual.  This apparently produced an 
increase in activity since this value is considerably higher than the other values 
on that part of curve B.  Nevertheless on subsequent heating of the solution 
the same activity as usual was reached.  Part of the diluted unheated solution 
was stored in the cold room and this also resulted in greater activity on standing e,  H,  j.  ~OFSTEE  343 
(curve C).  Several of the tubes which on the 9th day had been heated for 5 
minutes at 60°C. were placed back in the cold room.  The activity decreased 
again (curve D) and approached the same value as the unheated diluted solution 
standing at the same temperature (note that the dilution of both is the same). 
Also some of the heated tubes were heated a  second time, after 1 and 4 days 
standing in the cold room.  The activity (indicated by points HH in the curve) 
was practically the same in both cases, but lower than the value found after 
heating the first time. 
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Fie,. 2.  Activity of twice recrystallized urease in 2 per cent serum albumin in 0.02 M 
phosphate buffer (pH 7), expressed in milligrams of ammonia nitrogen formed by 1 rag. 
of enzyme in  5  minutes at  20°C. at  pH  7.0.  Solution kept at 2-5°C.  Curve A, 
heated 5 minutes at 60°C. before assay.  Curve B, not heated.  Curve C, diluted 
solution 1:11 standing at 2-5°C.  Curve D, same as C, but after heating 5 minutes at 
60°C.  For further explanation see text. 
This series of experiments shows that the activity is affected by dilution as 
well as by heating and that the increase in activity upon moderate heating is 
reversible.  It is apparent that the highest activity would be expected in a 
moderately heated dilute solution.  The highest activity reported by Sumner is 
approximately 133 units per rag. urease.  Since none of the solutions tested so 
far gave a higher activity than 130 to 137 units, even after heating, it could he 
possible that Sumner's value of 133 units is a "limiting" value.  To check this 
point a fresh preparation of crystalline urease was made.  The activity without 
heating, determined in the same way as in the previous experiments (0.1 ml. of 
the 1:11 diluted stock solution), was only 83 units per rag., while the same 
solution diluted fivefold and with 1 ml. heated for 7.5 minutes (instead of 0.1 
ml. for 5 minutes, as usual) gave an activity of 151 units per rag. 
It can be concluded, therefore, that the activity of crystalline urease deter- 344  ACTIVATION O1  e  UREASE 
mined under standard conditions with the enzyme as limiting factor and with 
no irreversible inactivation taking place, is not a  function of the amount of 
enzyme alone.  It is influenced by the time of standing, the concentration, and 
the temperature prior to the determination. 
Experiments  with a Crude Water Extract of Jack Bean  MeaL--All data rep- 
resented in this section have been obtained with a  single crude water extract of 
jack bean meal.  This extract was prepared  by stirring 15 gin.  of jack bean 
meal (Aflco) with 150 ml. of water at room temperature for a few minutes, af- 
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l~o. 3.  Relative urease activity of a crude water extract of jack bean meal 1 :IS, 
expressed  in  micromols  ammonia formed per milliliter  reaction mixture at  20°C. 
Solution kept at 2-5°C.  Influence of time of standing,  heating, and freezing.  Curve 
A, activity after heating 5 minutes at 60°C. of the unfrozen solution (triangles) and of 
the  frozen solution  after thawing  (circles).  Curve B,  activity during  storage at 
2-5°C.  Circles below this curve represent activity after 24 hours' freezing at -  10°C. 
ter which the suspension was centrifuged and kept in the cold room at 2-5°C. 
By the next day a precipitate had settled out and was centrifuged off.  The pH 
of the slightly hazy supernatant  (6.2) was brought to 7.0 by the addition of 
NaOH, which resulted in a clear solution on which the first activity determina- 
tions were carried out (first points on curves A  and B of Fig. 3).  During the 
following day more precipitate  settled out, which  was again centrifuged off. 
This procedure which was repeated a  few times, apparently did not interfere 
with the "potential" activity of the solution, since each time approximately the 
same activity was found after 5 minutes' heating at 60°C. (curve A in Fig. 3). 
It did, however, cause an increase in the pH of the solution, which after 15 to 
20 days had gone up to approximately 8.  By this time the activity of the ex- t3.  Tr.  j.  ~o~sT~  345 
tract  (on standing  in the cold room) had become nearly constant but  the ac- 
tivity following heating tended to fall off (Curve A  in Fig. 3 terminal portion). 
This could be caused by a lesser heat stability of the enzyme at that higher pH. 
Unless  otherwise  indicated,  the  experiments with  the  crude  extract  were 
carried  out in  the  same way as in  the previous section except  that  0.1  ml. 
portions  were  used  without  any  dilution  for  determining  the  activity.  In 
addition to the influence of moderate heating and of the time of standing, Fig. 3 
also shows the influence of freezing and subsequent thawing and heating (activ- 
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I~G. 4.  Relative urease activity of a crude water extract of jack bean meal 1 : 15, 
expresses  in  micromols ammonia formed  per  milliliter  reaction  mixture at  20°C. 
Reversibility of  inactivation  by freezing.  Influence  of  time  of freezing.  Curves 
A and B.  Same as in Fig. 3.  C, activity of the extract after 14 days' standing at 
2-5°C.  Solution frozen for 24 hours at -  10°C. and thawed (F), heated for 5 minutes 
at 60°C. (FH),  frozen again for 24 hours (FHF),  and heated again (FHFH).  Also, fro- 
zen for 48 hours (FHF') and subsequent thawing and heating (FHFH'). 
ity indicated by open circles).  After various periods of storage in the cold room, 
2  samples of 0.1  ml.  of the  extract  were  frozen  at  approximately  --10°C. 
After 24 hours in the frozen state the samples were thawed and  the activity 
determined with and without previous heating.  Freezing caused an additional 
inactivation as compared with  the activity of the extract in the cold room on 
that same day.  This additional inactivation was smaller, the more the extract 
had been already inactivated by standing in the cold room.  This would suggest 
that inactivation on standing in the cold room and inactivation by prolonged 
freezing are the same phenomenon in principle, especially since after thawing 
and heating for 5 minutes at 60°C., the activity was found to be the same as for 
the unfrozen but heated solution (triangles and circles on curve A  of Fig. 3). 346  ACTIVATION  OF UREASE 
In accord with this it was found that the solution actually must remain in the 
frozen state for a certain length of time before a noticeable inactivation occurs. 
The manipulation of freezing and immediate thawing in itself did not change the 
activity.  Fig. 4 shows that this inactivation after 48 hours in the frozen state 
is considerably greater than after 24 hours.  The "potential" activity in both 
cases is the same however, since upon thawing and subsequent heating for 5 
minutes at 60°C. approximately the same activity was found.  Inactivation by 
freezing therefore is completely reversible.  Fig. 5 illustrates the influence of 
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FIG. 5.  Relative urease activity of a crude water extract of jack bean meal 1:15, 
expressed  in  micromols  ammonia  formed per milliliter  reaction mixture at  20°C. 
Influence of dilution.  Curves A and B, same as in Fig. 3.  C, activity of the extract 
after 16 days' standing at 2-5 °C.  Curve D5, diluted solution 1:5 standing at 2°C. 
Curve D10,  diluted solution  1 : 10 standing at 2°C.  DIOH,  activity of the 10 times 
diluted solution after 12  days' standing and  subsequent heating  for 5 minutes  at 
60°C. 
dilution on the activity.  After 16 days in the cold room the crude aqueous 
extract was diluted 5 times and 10 times with distilled water and these dilutions 
were then kept in  the cold room at  the same temperature as the undiluted 
solution.  For activity determinations 0.5 and 1.0 ml. respectively were taken. 
The activity of the undiluted extract was approximately constant during the 
period of the experiment (curve B).  The diluted solutions, however, showed a 
marked increase in activity.  This increase was greater the higher the dilution, 
The tenfold diluted solution (curve D10), after 12 days' standing and without 
heating had an activ/ty equal to the heated control and gave after 5 minutes' 
heating an activity even considerably higher than  this value  (point  D10H). 
This shows once more that the highest activity is obtained when a dilute solu- B.  a.  j.  ~IOrSTEE  347 
tion is heated moderately.  In this way and under the conditions of the experi- 
ment, an activity of 3 to 4 times that of the undiluted unheated solution could be 
obtained.  Finally, Fig. 6 shows the effect of several hours' standing at 20°C. 
of the  undiluted  extract,  subsequent  to  24 days'  storage  in  the cold room. 
A marked increase in activity occurred, although after 4 hours this increase was 
only about one-fourth of the increase obtained by 5 minutes' heating at 60°C. 
In  a  previous experiment it was  found  that  the  activity after  48 hours' 
standing at room temperature, was approximately the same as after 24 hours and 
did not differ appreciably from the activity after 4 hours' standing at room 
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Fxo. 6.  Relative urease activity of a crude water extract of jack bean meal 1:15, 
expressed in micromols ammonia formed per milliliter reaction mixture at 20°C.  C, 
activity after 24 days' standing at  2°C.  Curve B, same  as in Fig.  3.  Curve R, 
activity during standing at 20°C. 
temperature.  This would suggest that the lower the temperature of heating 
the less is the increase in activity that can be obtained, in spite of continued 
heating.  It would mean that any given dilution has a  maximum of activity 
which is determined by the temperature; the higher the temperature the higher 
this maximum and the shorter the time for this maximum to be reached. 
In summarizing the results of these experiments with a crude water extract 
it can be said that essentially the same conclusions may be drawn as from the 
experiments with crystalline urease.  Furthermore, the evidence indicates that 
the same forces are responsible for the reversible inactivation brought about 
by standing at temperatures above or below the freezing point. 
DISCUSSION 
In view of the findings in the previous sections the possibility arises  that 
urease molecules in solution tend to associate with each other or with other 348  ACTIVATION  OF  U'REASE 
protein  molecules  and  in  this  process  active  groups  are  involved.  These 
association forces oppose the random distribution of single molecules and not 
until these two forces come to equilibrium is a constant activity obtained.  By 
assuming that the two opposing forces are of the same order of magnitude it 
would follow that the attainment of this equilibrium would be relatively slow 
and would be easily influenced by heat and by dilution. 
Since reversible inactivation occurs by prolonged freezing, it must be assumed 
also that this association proceeds even in a solidified solution.  In view of the 
fact that enzyme reactions do proceed in the frozen state, the above assumption 
does not seem unlikely, since according to present concepts the mechanism of 
enzyme reactions involves an association of enzyme and substrate. 
Increase in activity by moderate heating and a partly reversible inactivation 
by freezing were observed in solutions of crystalline urease in distilled water as 
well as  in  those to  which a  protecting agent was  added.  The unprotected 
solutions do not give a  constant  "potential" activity over periods of several 
weeks, but the addition of another protein as a protector does not change the 
phenomenon in principle, although a foreign protein may possibly influence the 
process of activation and inactivation.  It was found for instance, that  the 
stock  solution  of  urease  in  2  per  cent  serum  albumin  (Fig.  2)  after 
having reached a constant activity at 2°C., did not give a further decrease in 
activity by freezing for 24 hours.  Also an enhancement of the inactivation in 
the crude water extract (Fig. 3) by precipitating out of proteins may not be 
excluded, even though urease itself is not precipitated as shown by a constant 
"potential" activity of the supernatant after centrifugation.  In terms of the 
proposed association theory this would mean that association of urease mole- 
cules could more or less be prevented by other proteins. 
Sumner et al.  (7) found that twice recrystallized urease is not homogeneous 
in the ultracentrifuge, which might also be explained by assuming an associa- 
tion of urease molecules.  This would be similar to the association of 1-amino 
acid oxidase molecules as pointed out by Blanchard et al.  (8).  These authors 
noted that their highly purified and electrophoretically homogeneous enzyme 
was not homogeneous in the ultracentrifuge and consisted of 2 molecular species 
one 4 times as heavy as the other.  The two components did not show a differ- 
ence in activity however and the association apparently did not involve active 
groups.  If the non-homogeneity of urease in the ultracentrifuge were caused 
by this same phenomenon, then a moderately heated  solution should  show a 
smaller average particle weight.  However, it is hard to imagine how further 
dilution of solutions which are already very dilute could cause a breaking up of 
aggregates.  This could better be visualized by assuming that in a  relatively 
dilute solution the molecules do not actually form complexes, but rather tend 
to orient towards each other or, at the  most, form a kind of loose structure. 
Theoretically, this would imply that at any definite temperature at which heat 
denaturation does not yet occur, a  maximum activity could only be reached at B.  a.  j.  aOZSTEE  349 
infinite dilution.  Such more or less speculative assumptions  should be sup- 
ported by experiments which actually show whether association or dissociation 
is taking place, such as molecular weight determinations or by electron micro- 
graphs. 
Finally, it might be pointed out that previous measurements of urease activ- 
ity involving changes in  temperature,  such as  estimations of the activation 
energy, where the foregoing factors were not controlled, are subject.to reexami- 
nation.  It would be indeed interesting to investigate whether under appropri- 
ate conditions similar phenomena might not also affect the activity of  other 
enzymes. 
SIYM~ARy 
1.  It has been shown that the activity of solutions of twice recrystaUized 
urease is reversibly increased by moderate heating and reversibly decreased by 
storage in the cold, even in the frozen state. 
2.  Crude extracts of jack bean meal containing potent urease undergo this 
same  type  of reversible activation by heating  and  inactivation by cooling. 
Dilution has the same potentiating effect on the activity as moderate heating. 
As much as a  fivefold increase  in activity can be obtained when a  sample 
previously inactivated by storage for 24 hours at -- 10°C. is heated for 5 minutes 
at 60°C. 
3.  Solutions of crystalline urease protected by serum albumin and preserved 
in the cold give a constant "potential"  activity over a period of more than 30 
days if heated 5 minutes at 60°C. before assay. 
4.  The data presented have been  interpreted to mean that an association 
between urease molecules (or between urease and other proteins) might occur, 
resulting in inactivation of the enzyme which would be reversed on dissociation. 
5.  It has been postulated that the same forces are responsible for the rever- 
sible inactivation brought about by standing at temperatures above or below the 
freezing point. 
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